
FIGURE 6-12

EXAMPLES OF FIXED FILM PACKAGE PLANT CONFIGURATIONS
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In an upflow filter, wastewater flows through the media and is
subsequently coll ected at an overflow wei r. Oxygen may be transferred
to the biomass by means of diffusers located at the bottom of the tower
or by surface entrai nment devi ces at the top. One of the commerci ally
available units of this type (built primarily for shipboard use) does
not require effluent sedimentation prior to discharge (Figure 6-12).
Circulation of wastewater through this particular unit promotes the
shear of biomass from the media and subsequent carriage to the tank
bottom.

The rotati ng bi 01 ogi cal contactor (RBC) employs a seri es of rotati ng
di scs mounted on a hori zontal shaft. The pa rti ally submerged di scs
rotate at rates of 1 to 2 rpm through the wastewater. Oxygen is
transferred to the biomass as the disc rotates from the air to the water
phase. Recirculation of effluent is not normally practiced.

6.4.3.2 Applicability

There has been little long-term field experience with onsite fixed film
systems. Generally, they are less complex than extended aeration sys
tems and should require less attention; if designed properly they should
produce an effluent of equivalent quality.

There are no significant physical site constraints that should limit
their application, although local codes may require certain set-back
di stances. The process is more temperature sensitive than extended
aeration and should be insulated as required. Rotating biological
contactors shou1 d al so be protected from sun1 ight to avoid excessive
growth of algae which may overgrow the plate surfaces.

6.4.3.3 Factors Affecting Performance

Limited data are currently available on long-term performance of onsite
fixed film systems. Detailed description of process variables that
affect fixed film process perfomrance appear in the "Manua1 of Practice
for Wastewater Treatment Plant Design" (20). Low loaded filters shou1 d
also achieve substantial nitrification, as well as good BOD and SS
reducti ons.

6•4•3•4 De s i gn

Onsite fixed film systems include a variety of proprietary devices.
Design guidelines are, therefore, difficult to prescribe. Table 6-17
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presents suggested design ranges for two generic fixed film systems, the
RBC and the fixed media processes.

TABLE 6-17

TYPICAL OPERATING PARAMETERS FOR ONSITE FIXED FILM SYSTEMS

Parametera Fi xed Media RBC

Hydraulic Loading, gpd/ft2

Organic Loading, 1b BOD/d/1000 ft3

Di ssol ved Oxygen, mg/1

Overflow Rate, gpd/ft2

Weir Loading, gpd/ft2

Sludge Wasting, months

25-100 0.75-1.0

5-20 1. 0-1. 5

>2.0 >2.0

600-800 600-800

10,000-20,000 10,000-20,000

8-12 8-12

a Pretreatment: Settling or screening.
Recirculation: Not required.

All fixed film systems should be preceded by settling and/or screening
to remove materials that will otherwise cause process malfunction.
Hydraulic loadings are normally constrained by biological reaction rates
and mass transfer.

Organic loading is primarily dictated by oxygen transfer within the bio
logical film. Excessive organic loads may cause anaerobic conditions
resulting in odor and poor performance. Dissolved oxygen in the liquid
should be at least 2 mg/l. Recirculation is not normally practiced in
package fixed film systems since it adds to the degree of complexity and
is energy and maintenance intensive. However, recirculation may be
desirable in certain applications where minimum wetting rates are
required for optimal performance.

The production of biomass on fixed film systems is similar to that for
extended aeration. Very often, accumulated sludge is directed back to
the septic tank for storage and partial digestion.
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6.4.3.5 Construction Features

Very few commerci ally produced fixed film systems are currently avai 1
able for onsite application. Figure 6-12 illustrates several flow ar
rangements that have been employed. Specific construction detail s are
dependent on system characteristics. In general, synthetic packing or
attachment medi a are preferred over naturally occurri ng materi al s be
cause they are lighter, more durable, and provide better void volume 
surface area characteristics. All fixed film systems should be covered
and insul ated as required against severe weather. Units may be in
stalled at or below grade depending upon site topography and other adja
cent treatment processes. Access to all moving parts and control sis
required, and proper venting of the unit is paramount, especially if
natural ventilation is being used to supply oxygen. Underdrains, where
required, should be accessible and designed to provide sufficient air
space during maximum hydraulic loads. Clarification equipment should
include positive sludge and scum handling. All pumps, blowers, and
aeration devices, if required, should be rugged, corrosion-resistant,
and built for continuous duty.

6.4.3.6 Operation and Maintenance

a. General Process Operation

Fixed film systems for onsite application normally require very minimal
operation. Rotating biological contactors are installed at fixed rota
tional speed and SUbmergence. Flow to these units is normally fixed
through the use of an integrated pumping system. Sludge wasting is nor
mally controlled by a timer setting. Through experience, the operator
may detenni ne when cl arifi er sl udge shoul d be di scharged in order to
avoid sludge flotation (denitrification) or excessive build-up.

Where aeration is provided, it is normally designed for continuous duty.
On-off cycling of aeration equipment may be practiced for energy conser
vation if shown not to cause a deterioration of effluent quality.

b. Routine Operation and Maintenance

Table 6-18 itemizes suggested routine maintenance performance for onsite
fixed film systems. The process is less labor-intensive than extended
aeration systems and requires semi-skill ed personnel. Based upon very
limited field experience with these units, 8 to 12 man-hr per yr plus
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Item

Medi a Tank

Aerati on System

RBC Uni t

Clarifier

Trash Trap

Controls

Ana lyti ca1

TABLE 6-18

SUGGESTED MAINTENANCE FOR ON SITE
FIXED FILM PACKAGE PLANTSa

Suggested Maintenance

Check media for debris accumulation, ponding,
and excessive biomass - clean as required;
check underdrains - clean as required; hose
down sidewalls and appurtenances; check
effl uent di stri buti on and pumpi ng - cl ean as
requi red.

See Tabl e 6-15

Lubricate motors and bearings; replace seals as
required by manufacturer.

See Tabl e 6-15

See Tabl e 6-15

See Tabl e 6-15

Measure final effluent composite sample for
BOD, SS, pH (N and P if required).

a Maintenance activities should be performed about once per month.
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analytical -services are required to ensure adequate perfonnance. Power
requirements depend upon the device employed, but may range from 1 to
4 kWh/day.

c. Operational Problems

Table 6-19 outlines an abbreviated list of potential operational
problems and suggested remedies for onsite fixed film systems. A
detailed discussion of these may be found in the "Manual of Practice 
Operation of Wastewater Treatment Plants" (36) and "Process Control
Manual for Aerobic Biological Wastewater Treatment Facilities" (37).

6.4.3.7 Considerations for Multi-Home Applications

Fixed film systems may be well suited for multiple-home or commercial
appl ications. The same requirements for single-home onsite systems
apply to the large-scale systems (20) (29) (37) (38). However, larger
systems may be more compl ex and requi re a greater degree of operator
attention.

6.5 Disinfection

6.5.1 Introduction

Disinfection of wastewaters is employed to destroy pathogenic organisms
in the wastewater stream. Since disposal of wastewater to surface water
may result in potential contacts between individuals and the wastewater,
disinfection processes to reduce the risk of infection should be
considered.

There are a number of important waterborne pathogens found in the United
States (39)(40)(41)(42). Within this group of pathogens, the protozoan
cyst is generally most resistant to disinfection processes, followed by
the virus and, the vegetative bacteria (43). The design of the disi n
fection process must necessarily provide effective control of the most
resistant pathogen likely to be present in the wastewater treated. Up
stream processes may effectively reduce some of these pathogens, but
data are scant on the magnitude of this reduction for most pathogens.
Currently, the effectiveness of disinfection is measured by the use of
indicator bacteria (total or fecal col i form) or di sinfectant resi dual
where appl i cab1e. Unfortunately, nei ther method guarantees compl ete
destruction of the pathogen, and conservative values are often selected
to hedge against this risk.
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TABLE 6-19

OPERATIONAL PROBLEMS--FIXED FILM PACKAGE PLANTS

Observa ti on

Fi 1ter Pondi ng

Cause

Medi a too fi ne

Organic overload

Remedy

Repl ace medi a

Flush surface with high pressure
stream; increase recycle rate;
dose with chlorine (10-20 mg/l
for 4 hours)

Debris

Filter Flies

.Odors

Freezing

Excessive Biomass
Accumulation

Remove debris; provide
pretreatment

Poor wastewater Provide complete wetting of
distribution media; increase recycle rate;

chlorinate (5 mg/l for 6 hours
at 1 to 2 week i nterva1s )

Poor ventilation/ Check underdrains; maintain
aeration aeration equipment, if

employed; insure adequate
ventilation; increase recycle

Improper Check and provide sufficient
i nsul tati on i nsul ati on

Organic overload Increase recycle; flush surface
with high pressure stream;
dose with chlorine; increase
surface area (RBC)

Low pH; anaerobic Check venting; preaerate
conditions wastewater

Poor Clarification Denitrification
in clarifier

Remove sludge more often

Hydraulic overload Reduce recycle; provide flow
buffer; ng
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Table 6-20 presents a listing of potential disinfectants for onsite
application. Selection of the best disinfectant is dependent upon the
characteri sti cs of the di si nfectant, the characteri sti cs of the
wastewater and the treatment processes preceding disinfection. The most
important disinfectants for onsite application are chlorine, iodine,
ozone, and ultraviolet light, since more is known about these
disinfectants and equipment is available for their application.

TABLE 6-20

SELECTED POTENTIAL DISINFECTANTS FOR ONSITE APPLICATION

Oi si nfectant Formula Form Used Equipment

Sodium Hypochlorite NaOC1 Li qui d Meteri ng Pump

Calcium Hypochlorite Ca (OC1 )2 Tab1 et Tablet Contactor

Elemental lodi ne 12 Crystal s Crystal /Li qui d
Contactor

Ozone 03 Gas Generator, Gas/
Liquid Contactor

Ultraviolet Light E1 ectromagneti c Thi n Fi 1m
Radiation Radiation

Contactor

Disi nfection processes for onsite di sposal must necessarily be simp1 e
and safe to operate, rel iab1e, and economical. They nonnally are the
terminal process in the treatment flow sheet.

6.5.2 The Halogens - Chlorine and Iodine

6.5.2.1 Description

Chlorine and iodine are powerful oxidizing agents capable of oxidizing
organic matter, including organisms, at rapid rates in relatively low
concentrations. Some of the characteristics of these halogens appear in
Table 6-21 (20)(44)(45).
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TABLE 6-21

HALOGEN PROPERTIES (27)

Commerci a1
Strength Sped fi c Hand1 i ng

Halogen. Form Avail ab1 e Gravi ty Materi a1 s Characteri sti cs
%

Sodi um Li qui d 12 - 15 1.14 - 1.17 Ceramic, Glass, Deteriorates rapidly at
Hypoch1 ori te Plastic, high temperatures, in

Rubber sunlight, and at high
concentrations.

Ca1ci um Tablet 70 G1 a ss, Wood, Deteri ora tes at
Hypoch1ori te (115 gm) Fiberglass, 3-5't/year

Rubber

lodi ne Crystal s 100 4.93 Fi berg1 ass, Some Stab1 e in water;
Plastics so1ubil ity:

10· - 200 mq/1
20· - 290 mg 11
30· - 400 mq 11

Chlorine may be added to wastewater as a gas, C1 2• However, because the
gas can represent a safety hazard and is higllly corrosive, chlorine
would normally be administered as a solid or liquid for onsite applica
tions. Addition of either sodium or calcium hypochlorite to wastewater
results in an increase in pH and produces the chlorine compounds hypo
chlorous acid, HOC1, and hypochlorite ion, OC1-, which are designated as
IIfree ll chlorine. In wastewaters containing reduced compounds such as
sulfide, ferrous iron, organic matter, and ammonia, the free chlorine
rapidly reacts in nonspecific side reactions with the reduced compounds,
producing chloramines, a variety of chloro-organics, and chloride. Free
chlorine is the,most powerful disinfectant, while chloride has virtually
no di sinfectant capabil i ti es. The other chl oro-compounds, often call ed
combined chlorine, demonstrate disinfectant properties that range from
moderate to weak. Measurement of "chlorine residual" detects all of
these forms except chloride. The difference between the chlorine dose
and the residual, called"chlorine demand," represents the consumption,
of chlorine by reduced materials in the wastewater (Table 6-22). Thus,
in disinfection system design, it is the chlorine residual (free and
combined) that is of importance in destroying pathogens.
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TABLE 6-22

CHLORINE DEMAND OF SELECTED DOMESTIC WASTEWATERSa

Wastewater

Raw fresh wastewater

Septic tank effluent

Package biological treatment plant effluent

sand-filtered effluent

Chlorine
Demand
mgfl

8 - 15

30 - 45

10 - 25

1 - 5

a Estimated concentration of chlorine consumed in nonspecific
side reactions with 15-minute contact time.

Iodine is normally used in the elemental crystalline form, 12, for water
and wastewater disinfection. Iodine hydrolyzes in water to form the hy
poiodus forms, HID and 10-, and iodate, 103, Normally, the predominant
disinfectant species in water are 12, HID, and 10-, as little 103 will
be found at normal wastewater pH values (less than pH 8.0). Iodine does
not appear to react very rapidly with organic compounds or ammonia in
wastewaters. As wi th chlorine, however, most wastewaters wi 11 exhibit
an iodine demand due to nonspecific side reactions. The reduced form of
iodine, iodide, which is not an effective disinfectant, is not detected
by iodine residual analyses.

6.5.2.2 Applicability

The halogens are probably the most practical disinfectants for use in
onsite wastewater treatment app1 ications. They are effective against
waterborne pathogens, rel i ab1 e, easy to apply, and are readily avail
ab1 e.
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The use of chlorine as a disinfectant may result in the production of
chlorinated by-products which may be toxic to aquatic life. No toxic
by-products have been identified for iodine at this time.

6.5.2.3 Performance

The performance of halogen di si nfectants is dependent upon halogen re
sidual concentration and contact time, wastewater characteristics, na
ture of the specific pathogen, and wastewater temperature (20). Waste
water characteristics may effect the selection of the halogen as well as
the required dosage due to the nonspecific side reactions that occur
(halogen demand). Chlorine demands for various wastewaters are pre
sented in Table 6-22. The demand of wastewaters for iodine is less
clear. Some investigators have reported iodine demands 7 to 10 times
higher than those for chlorine in wastewaters (46)(47) while others
indicate that iodine should be relatively inert to reduced compounds
when compared to chlorine (48). Design of halogen systems is normally
based upon dose-contact relationships since the goal of disinfection is
to achieve a desired level of pathogen destruction in a reasonable
length of time with the least amount of disinfectant. Because of the
nonspecific side reactions that occur, it is important to distinguish
between halogen dose and halogen residual after a given contact period
in evaluating the disinfection process.

Tabl e 6-23 provides a summary of halogen residual-contact time informa
tion for a variety of organisms (43). These are average values taken
from a number of studies and should be used with caution. Relationships
developed between disinfectant residual, contact time, and efficiency
are empirical. They may be linear for certain organisms, but are often
more complex. Thus, it is not necessarily true that doubling the con
tact time will halve the halogens residual requirements for destruction
of certain pathogens. In the absence of sufficient data to make these
judgements, conservative values are normally employed for residual-dose
requirements.

The enteric bacteria are more sensitive to the halogens than cysts or
virus. Thus, the use of indicator organisms to judge effective disin
fection must be cautiously employed.

Temperature effects also vary with pathogen and halogen, and the general
rule of thumb indicates that there should be a two to threefold decrease
in rate of kill for every 10° C decrease in temperature within the
limits of 5 to 30° C.
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TABLE 6-23

PERFORMANCE OF HALOGENS AND OZONE AT 25°C [After (43)]

Necessary Residual After 10 Min. to
Achieve 99.999% Destruction (mg/l)

Amoebic Ented c Enteric
Ha1ogen Cysts Bacteria Vi rus

HOCl (Predomi na tes 3.5 0.02 0.4
@ pH <7.5)

OCL- (Predominates 40 1.5 100
@ pH >7.5)

NH2Cla 20 4 20

12 (Predominates 3.5 0.2 15
@ pH <7.0)

HIO/IO- (Predominates 7 0.05 0.5
@ 8.0>pH>7.0)

03 0.3->1.8 0.2-0.3 0.2-0.3

a NHC12:NH2Cl Efficiency = 3.5:1

6.5.2.4 Design Criteria

The design of disinfection processes requires the determination of the
wastewater characteri stics, wastewater temperature, pathogen to be de
stroyed, and disinfectant to be employed (20). From this infonnation,
the required resi dual-concentration rel ati onshi p may be developed and
disinfectant dose may be calculated.

Wastewater characteri stics dictate both halogen demand and the species
of the di si nfectant that predomi nates. In effl uents from sand fil ters,
chlorine demands would be low and, depending upon pH, hypochlorous acid
or hypochlorite would prevail if chlorine is used. (The effluent would
be almost completely nitrified, leaving little ammonia available for
reaction). At pH values below 7.5, the more potent free chlorine form,
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HOC1, would predominate. It is clear from Table 6-23 that pH plays an
important rol e in the effectiveness of chl ori ne di sinfection agai nst
virus and cysts (10 to 300 fold differences).

The effect of temperature is often ignored except to ensure that conser
vatively long contact times are selected for disinfection. Temperature
corrections are necessary for estimating iodine doses if a saturator is
employed, since the solubility of iodine in water decreases dramatically
with decreased temperature.

Design of onsite wastewater disinfection systems must result in conser
vative dose-contact time values, since careful control of the process is
not feasible. Guidelines for chlorine and iodine disinfection for on
site applications are presented in Table 6-24. These values are guide
1ines only, and more definitive analysis may be warranted in specific
cases.

TABLE 6-24

HALOGEN DOSAGE DESIGN GUIDELINES

Dosea
Septi c Tank Package Biological Sand Fil ter

Disinfectant Effl uent Process Effluent Effluent
mg!l mg!l mg!l

Chl ori ne
'pH 6 35-50 15-30 2-10

pH 7 40-55 20-35 10-20
pH a 50-65 30-45 20-35

Jodi neb
pH 6-8 300-400 90-150 10-50

a Contact time =1 hour at average flow and 20°C; increase
contact time to 2 hours at 10°C and 8 hours at 5°C for similar
effi ci ency •

b Based upon very small data base, assumi ng i adi ne dema nd from
3 to 7 times that of chlorine.
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The S1 Z1 ng of halogen feed systems is dependent upon the fonn of the
halogen used and the method of distribution. Sample calculations are
presented below.

Sample calculations:

Estimate of sodium hypochlorite dose - liquid feed

Halogen: NaOCl - trade strength 15% (150 gIl)
Dose required: 20 mg/l available chlorine
Wastewater fl ow: 200 gpd average

1. Available chlorine =

(150 gIl) x (3.785 l/gal) x (1.0 lb/453.6 g) = 1.25 lb/gal

2. Dose required =
(20 mg/l) x (3.785 l/gal) x (1 lb/453.6 g) x (10-3 g/mg)

= 1.67 x 10-4 lb/gal

3. Dose required =
(1.67 x 10-4 1b/gal) x (200 gal/d) = 3.34 x 10-2 1b/d

4. NaOCl dose =
(3.34 x 10-2 lb/d) ~ (1.25 lb/gal) = 0.027 gal/day

Estimate of halogen design - tablet feed

Halogen: Ca(OCL)2 tablet - 115 g; commercial strength 70%
Dose Required: 20 mg/l available chlorine
Wastewater Flow: 200 gpd (750 lid)

1. Available chlorine in tablet =0.7 x 115(g) =80.5 g/tablet

2. Dose required = 20 (mg/l) x 750 (l/d) =15 g/d
. _ 15 (g/ d)

3. Tablet consumpt10n - 80.5 (g/tablet) = 0.19 tablets/day

or: 5.4 days/tablet
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6.5.2.5 Construction Features

a. Feed Systems

There are basi cally three types of halogen feed systems commerci ally
available for onsite application: stack or tablet feed systems, liquid
feed systems, and saturators. Tablet feed devices for Ca(OC1)2
tablets (Figure 6-13) are constructed of durable, corrosion-free plastic
or fiberglass, and are designed for in-line installation. Wastewater
flows past the tablets of Ca(OC1 )2, dissolving them in proportion to
flo\'1 rate (depth of immersion). Tablets are added as requried upon
rna nua1 i nspecti on of the uni t. One commerci a1 devi ce provi des 29-115
g/tab1et per tube which would require refilling in approximately 155
days (5.4 days/tablet x 29).

Halogens may a1 so be fed to the wastewater by an aspirator feeder or a
suction feeder. The aspirator feeder operates on a simple hydrau1 ic
princip1 e that employs the use of the vacuum created when water flows
either through a venturi tube or perpendicular to a nozzle. The vacuum
created draws the disinfection solution from a container into the disin
fection unit, where it is mixed with wastewater passing through the
unit. The mixture is then injected into the main wastewater stream.
Suction feeders operate by pUll i ng the di sinfection sol ution from a
container by suction into the disinfection unit. The suction may be
created by either a pump or a siphon.

The storage reservoir containing the halogen should provide ample volume
for several weeks of operati on. A I-gal (4-1) storage tank wou1 d ho1 d
sufficient 15% sodium hypochlorite solution for approximately 37 days
before refill (see sample computation). A 2-ga1 (8-1) holding tank
would supply 50 days of 10% sodium hypochlorite. A 15% sodium
hypochlorite solution would deteriorate to one-half its original
strength in 100 days at 25°C (49). The deterioration rate of sodium
hypochlorite decreases with decreased strength; therefore, a 10%
solution would decrease to one-half strength in about 220 days.

If liquid halogen is dispersed in this fashion, care must be taken to
select material s of construction that are corrosion-resistant. This
includes storage tanks, piping, and appurtenances as well as the pump.

Iodine is best app1 ied to wastewater by means of a saturator whereby
crystals of iodine are dissolved in carriage water subsequent to being
pumped to a contact chamber (Fi gure 6-14). Saturators may be con
structed or purchased commercially. The saturator consists of a tank of
fiberglass or other durable plastic containing a supporting base medium
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FIGURE 6-13

STACK FEED CHLORINATOR
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FIGURE 6-14

IODINE SATURATOR

Tank
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and iodine crystals. Pretreated wastewater is split, and one stream is
fed to the saturator. The dissolution of iodine is dependent upon water
temperature, ranging from 200 to 400 mg/l (Table 6-21). The iodine
solution from the saturator is subsequently blended with the wastewater
stream, which is discharged to a contact chamber. Depending upon
saturator size and dosage requirements, replenishment of iodine every 1
to 2 yr may be required (assumes a dosage of 50 mg/l for 750 l/day using
a 0.2-cu-ft saturator).

b. Contact Basin

Successful disinfection depends upon the proper mixing and contact of
the disinfectant with the wastewater. If good mixing is achieved, a
contact time of 1 hour should be sufficient to achieve most onsite dis
infection objectives when usi ng doses presented in Tabl e 6-24. Where
flows are low (e.g., under 1,000 gal per day) (3,785 1 per day), contact
basins may be plastic, fiberglass, or a length of concrete pipe placed
vertically and outfitted with a concrete base (Figure 6-15). A 48-in.
(122-cm) diameter concrete section would theoretically provide 6 hr of
wastewater detenti on for an average flow of 200 gal per day (757 1 per
day) if the water depth were only approximately 6 in. (15 cm). A 36-in.
(91-cm) di ameter pi pe section provi des 6 hr detention at approximately
12 in. (30 cm) of water depth for the same flow. Therefore, substanti
ally longer theoretical detention times than necessary for ideal mixing
conditions are provided using 36- or 48-in. (91- or 122-cm) diameter
pipe. This oversizing may be practically justified for onsite
applications' with low flows, since good mixing may be difficult to
achieve.

Contact basi ns shoul d be baffl ed in order to prevent serious short
circuiting within the basin. One sample baffling arrangement is illus
trated in Figure 6-15.

6.5.2.6 Operation and Maintenance

The di si nfecti on system shoul d be desi gned to ml nl ml ze operati on and
maintenance requirements, yet insure reliable treatment. Routine
operation and maintenance of premixed liquid solution feed equipment
consi sts of repl aci ng chemi cal s, adjusti ng feed rates, and mai ntai ni ng
the mechanical components. Tablet feed chlorination devices should
require less frequent attention, although recent experience indicates
that caking of hypochlorite tablets occurs due to the moisture in the
chamber. Caking may result in insufficient dosing of chlorine, but may
a1so produce excessi ve dosage due to cake deteri orati on and subsequent
spillage into the wastewater stream. Dissolution of chlorine may also
be erratic, requiring routine adjustment of tablet and liquid elevation
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(experience with some units indicates that dissolution rates actually
increase with decreased flow rates). Routine maintenance of iodine
saturators incl udes repl acing chemical s, occasi onally adj usti ng feed
rates, redistributing iodine crystals within the saturator, and
maintaining mechanical components.

FIGURE 6-15

SAMPLE CONTACT CHAMBER
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Process control is best achieved by periodic analysis of halogen resid
ual s in the contact chamber. The halogen resi dual s can be measured by
unskilled persons using a color comparator. Periodic bacteriological
analyses of treated effluents provide actual proof of efficiency.
Skilled technicians are required to sample and analyze for indicator
organisms or pathogens.
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It i s  est imated t h a t  t a b l e t  feed c h l o r i n a t o r s  cou ld  be operated w i t h  
approximately 6 u n s k i l l e d  man-hr per  y r  i n c l u d i n g  monthly c h l o r i n e  re
sidual  analyses. I od ine  sa tu ra to r  systems and ogen 1iqui d feed sys
tems may r e q u i r e  6 t o  10 semi- sk i l l ed  man-hr per yr. E l e c t r i c a l  power 
consumption woul d be h i g h l y  v a r i a b l e  depending upon o ther  process pump
i n g  requirements, as wel l  as the use o f  meter ing pumps and c o n t r o l s .  
Chemical requirements w i l l  vary, b u t  a re  est imated t o  be about 5 t o  
25 l b  t o  11 kg) o f  i od ine  and 5 t o  15 l b  t o  7 kg) o f  a v a i l a b l e  
c h l o r i n e  per  yr f o r  a fam i l y  o f  four .  

6.5.2.7 Other Considerat ions 

I n  making a f i n a l  dec is ion  on halogen d i s i n f e c t i o n ,  o ther  cons idera t ions  
must be inc luded i n  a d d i t i o n  t o  cost ,  system e f fec t iveness ,  and 
b i l  ity. Without a dechl o r i n a t i o n  step, o r i n e  d i s i n f e c t i o n  may be 
r u l e d  ou t  admin i s t ra t i ve l y .  Current ly ,  there  i s  no evidence t h a t  i o d i n e  
o r  i t s  compounds are  t o x i c  t o  aquat ic  l i f e .  

6.5.3 t r a v i o l e t  I r r a d i a t i o n  

6.5.3.1 Desc p t on 

The germic idal  p rope r t i es  o f  u l t r a v i o l e t  (UV) i r r a d i a t i o n  have been rec
ognized f o r  many years UV i r r a d i a t i o n  has been used f o r  t h e  
d i s i n f e c t i o n  o f  water suppl i e s  here and abroad, and c u r r e n t l y  f i n d s  
widest  appl i c a t i o n  f o r  small water systems f o r  homes, commercial 
1 ishments, aboard ship, and i n  some i n d u s t r i a l  water p u r i f i c a t i o n  sys
tems. The use o f  UV i r r a d i a t i o n  f o r  wastewater d i s i n f e c t i o n  has o n l y  
r e c e n t l y  been se r ious l y  s tudied 

U l t r a v i o l e t  i s  germic idal  i n  the  wave range o f  2,300 t o  3,000 
i t s  g rea tes t  e f f i c i e n c y  being a t  2,540 A. Current ly ,  h i g h- i n t e n s i t y ,  
1ow-pressure mercury vapor amps emi t  a percentage o f  t h e i r  energy 
a t  t h i s  wave length ,  making them most e f f i c i e n t  f o r  use. The pr imary 
mode o f  a c t i o n  o f  U V  i s  the denaturat ion o f  nuc le i c  acids, making i t  
e s p e c i a l l y  e f f e c t i v e  aga ins t  v i rus .  

I n  order  t o  be e f f e c t i v e ,  UV energy must reach the  organism t o  be 
destroyed. Unfor tunate ly ,  U V  energy i s  r a p i d l y  absorbed i n  water and by  
a v a r i e t y  o f  organic and inorgan ic  molecules i n  water. Thus, the  t rans
mi t tance o r  absorbance p rope r t i es  o f  the  water t o  be t r e a t e d  are  c r i t i 
ca l  t o  successful UV d i s i n f e c t i o n .  To achieve d i s i n f e c t i o n ,  t h e  water 
t o  be t rea ted  i s  normal ly  exposed i n  a t h i n  f i l m  t o  the  source. This  
may be accomplished by enclos ing the  w i t h i n  a chamber, and 
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directing flow through and around the lamps. It may also be accom
plished by exposing a thin film of water flowing over a surface or weir
to a bank of lamps suspended above and/or below the water surface.

The lamps are encased within a clear, high transmittance, fused quartz
glass sleeve in order to protect them. This also insulates the lamps so
as to maintain an optimum lamp temperature (usually about 105° F or
41° C). To ensure maintenance of a very high transmittance through the
quartz glass enclosure, wipers are usually provided with this equip
ment. Figures 6-16 and 6-17 depict a typical UV disinfection lamp
arrangement currently bei ng used. There are a number of commerci ally
available units that may be appl iCable to onsite wastewater appl ica
tions.

6.5.3.2 Applicability

Site conditions should not restrict the use of UV irradiation processes
for onsite application, although a power source is required. The unit
must be housed to protect it from excessive heat, freezi ng, and dust.
Wastewater characteristics limit the applicability of UV equipment since
energy transmission is dependent upon the absorbance of the water to be
treated. Therefore, only well-treated wastewater can be di si nfected
with UV.

6.5.3.3 Factors Affecting Performance

The effectiveness of UV disinfection is dependent upon UV power, contact
time, 1i qui d fi 1m thi ckness, wastewater absorbance, process confi gura
tion, input voltage, and temperature (50)(51)(52).

The UV power output for a lamp is dependent upon the input voltage, lamp
temperature, and 1amp characteri stics. Typically, UV output may vary
from as low as 68% of rated capacity at 90 volts to 102% at 120 volts.
Lamp temperatures below and above about 1040 F (40° C) also results in
decreased output. The use of quartz glass enclosures normally ensures
maintenance of optimum temperature within the lamp.

Since disinfection by UV requires that the UV energy reaches the organ
isms, a measure of wastewater absorbance is crucial to proper design.
Transmissability is calculated as an exponential function of depth of
penetration and the absorption coefficient of the wastewater:

T = e-ad
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FIGURE 6-16

TYPICAL UV DISINFECTION UNIT
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FIGURE 6-17

TYPICAL UV STERILIZING CHAMBER

Ultraviolet light rays are emitted from
high intensity ultraviolet lamps and
pass through the quartz sleeves.

Baffles force the water to travel
tangetially through the chamber in a
spinning motion around quartz sleeves.

Sterlizing Chamber

Quartz Sleeve

Typical sterilizers employ one to
twelve lamps per sterilizing chamber.

178



where T is the traction transmitted, a is the absorption coefficient in
cm- at 2,537 A, and dis the depth in cm. Typically, a very hi gh
quality distilled water will have an absorption coefficient of 0.008,
where tap water would normally vary from 0.18 to 0.20. Wastewaters pol
i shed wi th sand fi 1trati on shoul d produce absorption coeffi cients of
from 0.13 to 0.20, whereas septic tank effluents may be as high as 0.5.
Currently, rule of thumb requirements for UV application indicate that
turbidities should be less than 10 JTU and color less than 15 mg/l. (1
Jackson Turbidity Unit [JTU] is about equivalent to 1 Formazin Turbidity
Uni t [FTU]).

The relationship between UV power and contact time is still uncertain.
Empirical relationships have been used to express the performance of UV
equipment. CurrentlYt the empirical term, microwatt seconds per square
centimeter (mw sec/cm ), is used (50)(51).

The required contact time for a given exposure is dictated by the waste
water absorbance, fi 1m thi ckness, and the pathogen to be destroyed.
Typical values of UV dosage for selected organisms appear in Table 6-25.

This tabulation indicates that a wide spectrum of organisms are about
equally sensitive to UV irradiation. There are exceptions to this, ho~

ever; Bacillus spores require dosages in Zxcess of 220,000 mw sec/cm,
and protozoan as high as 300,000 mw sec/cm •

One characteristic trait of UV disinfection of water has been the photo
reactivation of treated organisms within the wastewater. Exposure of
the wastewater to sunlight foll owing UV disinfection has produced as
much as 1.5 log increase in organisms concentration. This phenomena
does not always occur, however, and recent field tests indicate that
photoreactivation may not be of significant concern (52).

6.5.3.4 Design

There has been little long-term experience with wastewater UV disinfec
tion (2)(52)(53). Therefore, firm design criteria are not available.
One may draw upon water supply disinfection criteria, however, for con
servative design (50)(51).
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Organi sm

Shigella

Salmonella

Poliovirus

IH Viral Form

E. Col i

Protozoan

Feca 1 Col i form

TABLE 6-25

UV DOSAGE FOR SELECTED ORGANISMS

Dosage for 99% Kill at a =0.0
tTW sec/cm2

4,000

6,000

6,000

8,000

7,000

180-300,000a

23,000b

a For 99.9% inactivation.

b Field studies corrected to a = 0; 99.96% inactivation.

Wastewater should be pretreated to a quality such that turbidity is less
than 10 JTU and color is less than 15 mg/l. Intermittent sand filtered
effl uent qual ity will generally not exceed these 1imi ts when properly
managed. It would be desirable to provide measurement of UV transmit
tance in the wastewater on a continuous basis to ensure that sufficient
UV power reaches the organi sm to be treated. Dosage val ues shoul d be
conservative until more data are2available. jherefore, a desired mini
mum UV dose of. ,16,000 mw sec/em or kwsec/m should be applied at all
points throughout the disinfection chamber. Amaximum depth of penetra
ti on shoul d be 1imi ted to about 2 in. (5 cm) to allow for vari ati on in
wastewater absorption. The UV lamps should be enclosed in a quartz
glass sleeve and appropriate-automatic cleaning devices should be pro
vided. A UV intensity meter should be installed at a point of greatest
water depth from the UV tubes,. and an alarm provided to alert the owner
when values fall below on acceptable level.
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layers in 'physical , chemical, and biological properties or charac
teristics such as color, structure, texture, consistence, pH, etc.

soil map: A map showing the distribution of soil types or other soil
mapping units in relation to the prominent physical and cultural
features of the earth's surface.

soil morphology: The physical constitution, particularly the structural
properties, of a soil profile as exhibited by the kinds, thickness,
and arrangement of the horizons in the profile, and by the texture,
structure, consistence, and porosity of each horizon.

soil separates: Groups of mineral particles separated on the basis of a
range in size. The principal separates are sand, silt, and clay.

soil series: The basic unit of soil classification, and consisting of
soils which are essentially alike in all major profile characteris
tics, although the texture of the A horizon may vary somewhat. See
soil type.

soil solution: The aqueous liquid phase of the soil and its solutes
consi sti ng of ions di ssoci ated from the surfaces of the soil par
ticles and of other soluble materials.

soil structure: The combination or arrangement of individual soil par
ticles into definable aggregates, or peds, which are characterized
and classified on the basis of size, shape, and degree of distinct
ness.

soil suction: A measure of the force of water retention in unsaturated
soil. Soil suction is equal to a force per unit area that must be
exceeded by an externally appl ied suction to initiate water flow
from the soi 1. Soil sucti on is expressed in standard pressure
terms.

soil survey: The systematic examination, description, classification,
and mapping of soils in an area.

soil texture: The relative proportions of the various soil separates in
a soil.

soil type: In mapping soils, a subdivision of a soil series based on
differences in the texture of the A horizon.

soil water: A general term emphasizing the physical rather than the
chemical properties and behavior of the soil solution.
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solids: Material in the solid state.

total: The solids in water, sewage, or other liquids; includes
suspended and dissolved solids; all material remaining as residue
after water has been evaporated.

dissolved: Solids present in solution.

suspended: Solids physically suspended in water, sewage, or other
1iquids. The quantity of material deposited when a quantity of
water, sewage, or liquid is filtered through an asbestos mat in a
Gooch cruci b1e.

volatile: The quantity of solids in water, sewage, or other liquid
lost on ignition of total solids.

sol ids retenti on time (SRT): The average resi dence time of suspended
sol ids in a biological waste treatment system, equal to the total
weight of suspended sol ids in the system divided by the total
weight of suspended solids leaving the system per unit time
(usually per day).

sUbsoil: In general concept, that part of the soil below the depth of
plowing.

tensiometer: A device for measuring the negative hydraulic pressure (or
tension) of water in soil in situ; a porous, permeable ceramic cup
connected through a tube to a manometer or vacuum gauge.

tension, soil water: The expression, in positive terms, of the negative
. hydrau1 ic pressure of soil water.

textural class, soil: Soils grouped on the basis of a specified range
in texture. In the United States, 12 textural cl asses are recog
ni zed.

texture: See soil texture.

tight soil: A compact, re1 ative1y impervious and tenacious soil (or
subsoil), which mayor may not be plastic.

Total Kjeldahl Nitrogen (TKN): An analytical method for determining
total organic nitrogen and ammonia.

topsoil: (1) The layer of soil moved in cultivation. (2) The A hori-
zon. (3) The Al horizon. (4) Presumably fertile soil material
used to topdress roadbanks, gardens, and lawns.

uniformity coefficient (UC): The ratio of that size of grain that has
60% by weight finer than itself, to the size which has 10% finer

than i tsel f.
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unsaturated flow: The movement of water in a soil which is not filled
to capacity with water.

vapor pressure: (1) The pressure exerted by a vapor ina confi ned
space. It is a function of the temperature. (2) The partial pres
sure of water vapor in the atmosphere. (3) Partial pressure of any
liquid.

water table: That level in saturated soil where the hydraulic pressure
is zero.

water table, perched: The water table of a discontinuous saturated zone
in a soil.

391



.....
.,.~ ~

< .

EXAMPLES OF SOIL MOTIUNG (EXAMPLES A, 8 & C INDICATE
SEASONAL SOIL SATURATION, EXAMPLE 0 DOES NOT)

(A)
Extremely Prominent Mottling

in a Clayey Soil

(C)

Mottling in a Sandy Soil

(8)

Mottling in a Loamy Soil

(D)
Mottling Inherited

from Geologic Processes




